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END OF PROJECT REPORT 
A. Project number: 09-02-05-00020EAR 
Project title: Bounds on polynomials in the coefficients of norma . 
functions with positive real part and applications 
Project leader: PROF. DATO' ROSIHAN M. ALI 
Tel: 04-653-3966 Fax: 04-657-0910 
B. Describe your project and highlight major project achievement 
The project seeks to obtain sharp bounds on polynomials in the coefficients of 
normalized analytic functions with positive real part defined on the unit disk in the 
complex plane. Leverenz criterion on Hermitian forms was used to provide a new 
approach to the resolution of several important coefficient problems. The estimates 
obtained were then applied to advance knowledge on the coefficient problems for 
several important subclasses of normalized analytic and univalent functions. 
Additionally the project also seeks to develop further the dual theory and methods of 
differential subordination and superordination. The findings were applied to several 
subclasses of (univalent and multivalent) functions, notably those associated with the 
generalized hypergeometric functions. Sufficient conditions for starlikeness and 
convexity were obtained for several operators that included the Dziok-Srivastava 
operator and the multiplier transform. Various sandwich-type differential 
subordination implications were also derived for these subclasses. 
The project initially commenced over 18 months from November 2004 - Apri12006. A 
6-month extension was granted from April 30 - October 31, 2006. 
Results and Outputs: 
1. Published a total of 8 research articles in journals that are abstracted and 
indexed in the databases of Mathematical Reviews (American Mathematical 
Society) and Zentralblatt MATH (European Mathematical Society) 
2. Three of those published articles appeared in journals that are also indexed 
e 0 Know edge 
4. 3 conference presentations were made, with one as an invited speaker 
ining of OlLe (1) PItD student and one (1) M.5c student 
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C. Objectives achievement 
• Original project objectives after approval 
1. Resolution of the Fekete-Szego coefficient functional problem for several classes. 
2. Non-linear coefficient bounds involving the first three coefficients & applications. 
3. Non-linear coefficient bounds involving the first four coefficients & applications. 
4. Determination of properties to several classes of meromorphic functions. 
• Objectives Achieved (Please state the extent to which the project objectives 
were achieved) 
Objectives 1,2 and 4 were satisfactorily attained. There was partial success with 
Objective 3. The findings of the project were reported in several research 
publications and conference presentations. 
• Objectives not achieved (Please identify the objectives that were not 
achieved and give reasons) 
Objective 3 relates to the determination of sharp upper bounds on polynomials 
in the first four coefficients of functions with positive real part in the unit disk, 
along with a complete description of the extremal functions. It poses a very 
formidable problem indeed. The use of Leverenz criterion on Hermitian forms 
helped to reduce the coefficient problem to investigating polynomials of the 
third and fourth degrees. However there arose considerable difficulty in 
obtaining the extremal values of these polynomials over a constrained interval. 
D. Technology Transfer/Commercialisation Approach 
• Commercialisation potential 
EJ 
D 
Yes 
No 
Please describe the approach planned to transfer/commercialize the results 
of the project 
1. Training of graduate students. 
2. Conduct a series of seminars on knowledge advances for researchers and 
stuaents. 
3. Research collaboration with local and international scientists. 
4. Presentation of contributed papers at local and international scientific 
meetings/conferences. 
-------4-----~~~~~~~~~~~~~~ __ ------------------------------------~----- .. ---~. YUOllCanon or SClennnc arnCles. 
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E. Benefits of the Project 
• Outputs of the project and potential beneficiaries (Please describe 
specifically the outputs achieved and provide an assessment of their 
significance to users) 
I. Publication of 8 scientific articles in refereed journals. These journals are 
abstracted and indexed in the databases of Mathematical Reviews 
(American Mathematical Society), Zentralblatt MATH (European 
Mathematical Society), and the lSI Web of Knowledge 
2. 3 conference presentations were made, with one as an invited speaker 
3. Training of one (1) PhD student and one (1) M.5c student 
4. Foster and nurture the growth of an expert group in Geometric Function 
Theory at USM 
5. Several international researchers, notably from institutions in South Asia, 
have come forward to collaborate in our research. The collaboration has 
resulted in several joint papers. Research links with international 
institutions have enhanced considerably. 
Our work in the investigation of properties of analytic (univalent and 
multivalent) functions, particularly those functions obtained by convolution 
with the generalized hypergeometric functions, have drawn significant interest 
from researchers and students. We have received several requests for our 
reprints, and our works have been cited by other researchers. 
• Organisational Outcomes (Please describe specifically the organisational 
benefits arising from the project and provide an assessment of their 
significance) 
1. Advancement of knowledge to our group in Geometric Function Theory at 
USM 
2. Expertise development: training of graduate students (PhD and MSc) 
3. Research collaboration with international scientists that subsequently 
enhanced research links between institutions 
4. Presentation of seminars and contributed papers at local and international 
scientific meetings/conferences 
5. Publication of scientific articles in impact-factored journals 
---------- ----, 
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• National Impacts (If known at this POh1t in time, please describe specifically 
the potential sectoral/national benefits arising from the project and provide 
an assessment of their significance) 
1. Strengthen the country's capability in fundamental research 
2. Increase the critical mass of mathematicians 
3. Knowledge transfer and upgrading of skills through scientific publications 
and conference presentations 
4. Linkages with international universities, especially those from South Asia 
and the ASEAN region 
F. Assessment of project structure 
• Project Team (Please provide an assessment of how the project team 
performed and highlight any significant departures from plan in either 
structure or actual man-days utilised). 
The team performed beyond expectations with good results and outputs. 
• Collaborations (Please describe the nature of collaborations (local and 
international) with other research organisations and/or industry) 
----~---~-----
The researchers from these institutions collaborated in our works: 
1. Dr .. V. Ravichandran, Dept. of Computer Applications, Sri 
Venkateswara College of Engineering, Sriperumbudur, India; July 15, 
2004 - July 14, 2005. (now with Delhi University) 
2. Dr. Santosh Joshi, Dept. of Mathematics, Walchand College of 
Engineering, Sangli, Maharashtra, India; November 27 - December 4 
2004. 
We had also collaborated with other researchers over emails. 
----- -----~--------~~~--- -------- -------.--~-.- ---------
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G. Assessment of Research Approach (Please highlight the main steps actually 
performed and indicate any major departure from the planned approach or any 
major difficulty encountered) 
The project utilized two central methods: Leverenz criterion on Hermitian forms for 
functions with positive real part, and secondly, the method of differential 
subordination (and its dual of superordination). 
While previous results on functions with positive real part were obtained primarily 
with the use of Caratheodory's criterion involving the Toeplitz determinants, our new 
approach was by analysing Leverenz criterion on Hermitian forms in function theory. 
This approach led to some new estimates, and advanced knowledge on the coefficient 
problem for several classes of functions. 
The method of differential subordination relates to obtaining information about 
properties of a function from knowledge of its derivatives. Subordination is the 
complex analogue of finding a characterization of a function from its differential 
conditions. The theory of subordination was developed by Miller & Mocanu. One of 
the steps taken in the project was to identify appropriate connections between classes 
of functions defined by linear operators with the theory of differential subordination 
and superordination. Once that was done, significant new advances and progress 
were made by applying this new approach of subordination on univalent and 
multivalent functions. 
H. Assessment of the programme/Project Schedule (Please make any relevant 
comment regarding the actual duration of the programme/project and highlight 
any significant variation from plan) 
There were some initial difficulties in getting good qualified help in the project. 
I. Assessment of Project Costs (Please comment on the appropriateness of the 
original budget and highlight any major departure from the planned 
programmelbudget) 
Disbursement of funds was terribly late: 
(i) Year 2 Allocation (2005) of RM40,500-00 was only disbursed close to the 
end of the year, November 18, 2005. 
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J. Additional Programme/Project Funding Obtained (In case of involvement of 
other funding sources, please indicate the source and total funding provided) 
K List and status of equipment purchased (Status refers to the 
present condition of the equipment and its utilization) 
One (1) Sony VAIO VGN-S38GP/B notebook, and is still currently in use. 
L. Other Remarks (Please include any other comment which you feel is relevant for 
the evaluation of this programme/project) 
None 
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o. Remarks by Lead Institution Coordinator 
P. Remarks by Monitoring Unit 
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